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Whirling disease, which deforms the cartilage of young sahnonid fishes, has 
been the cause of recent severe declines in trout populations in Montana, 
Colorado, and other western states. The life cycle of the parasite that 
causes whirling disease, Myxobolus cerebralis, involves a secondary host, an 
aquatic ofigochaete worm Tubifex tubifex. Little is known about the habitat 
requirements, distribution, and abundance of this worm within western 
streams and rivers. This study examined the ofigochaete community of 
Cottonwood Creek, a tributary of the Big Blackfoot river in the Upper Clark 
Fork Drainage in western Montana. I characterized the creek's 
geomorphology and level of human impact and assessed the ofigochaete and 
macroinvertebrate populations present, focusing on the relative abundance 
of Tubifex tubifex. My null hypothesis (Ho) stated there would he no 
significant correlation between T, tubifex abundance and any of a suite of 
biotic and abiotic variables. T. tubifex was present in 7 out of 73 sampled 
areas Qess than 200 worms found in all). In Cottonwood Creek, I found T. 
tubifex primarily in fast, non-turbulent water (glides) and scour pools with 
sandy substrate in the lower reaches. I found no significant correlation 
between T. tubifex presence or absence and the measures of human-caused 
impact that I used. Using logistic regression, 4 of the 36 variables I tested 
were significant predictors of T. tubifex presence or absence. These were 
geomorphic unit, habitat type, substrate type, and the presence of the 
caddis family Limnephifidae. The concentration of T. tubifex within the 
lower reaches might spare westslope cutthroat trout and bull trout 
widespread infection, as these species mainly spawn and rear in high 
elevation areas. Spawning and rearing are the times these species are 
most susceptible to infection.
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I. INTRODUCTION
In December of 1994, Western fisheries biologists and enthusiasts 
were surprised and concerned by the report that whirling disease had been 
documented in rainbow trout from the famed Madison river, and that the 
disease has since been responsible for a 90% decline in this trout population 
(Trout Unlimited Senate Committee, 1995). Whirling disease, a European 
import, was first reported in the U.S. in a Pennsylvania trout hatchery in 
1956, but no significant detrimental effects were reported in the put-and- 
take fisheries of Eastern streams in the years following that disturbing 
discovery (Hofi&nan and Dunbar, 1961). Therefore, biologists and anglers 
were not overly concerned with its effect on wild populations. However, it 
was recognized that whirling disease could cause high mortahties within a 
hatchery, so efforts were made to keep hatcheries free of whirling disease 
and other pathogens (Hoffman and Dunbar, 1961).
Whirling disease was first detected in the western U.S. in a California 
hatchery in the early 1980's. Soon after, it was noted in other hatcheries 
and naturalized trout populations throughout much of the West. Increasing 
damage to trout populations and subsequent loss of revenue followed. This 
situation, coupled with the presence of whirling disease in wild trout 
populations in Montana, contradicted common assumptions about whirling 
disease, and helped to propel research into the problem. Fisheries 
managers and biologists have since devoted significant effort to find a key 
to suppression of this devastating disease which is now found in 22 states.
Whirling disease is caused by the microscopic, water-borne 
metazoan parasite Myxobolus cerebralis which attacks the cartilage of
young trout. Some trout, particularly brown trout, are able to overcome 
infection with minimal damage. The majority however, suffer a deformed 
spine and other degenerative problems; resulting in lesions, erratic tail- 
chasing swimming behavior and poor condition. These symptoms cause a 
diseased trout to be extremely vulnerable to predators and reduces its' 
ability to feed.
The parasite has a complex, two-host hfe cycle that requires both 
trout and Tubifex tubifex, a bottom dwelling aquatic oUgochaete (Wolf, 
Markiw and Hiltunen, 1986,1983). During its occupation of young trout, 
the parasite changes from an actinosporean (the fish-infecting form) into a 
myxosporean (the worm-infecting form). Spores of M. cerebralis are 
released into the water column from an infected trout when it dies or is 
eaten (and expelled) by a predator. These spores infect T. tubifex, where the 
spores undergo conversion back to actinosporean in the mucosa of the 
worm's gut. The mature actinosporean spores are then released back into 
the water column, or the tubifidd is ingested by a young trout. Either route 
can lead to infection (El-Matbouli and Hofiinan, 1989). It has been shown 
that M. cerebralis spores can survive freezing temperatures down to -20 C 
for three months, can remain viable in mud at 13 degrees C for at least 5 
months, and can survive passage through the guts of northern pike (Esox 
lucius) or mallards {Anas platyrhynchos) (El-Matbouli and Hoffinan, 1991).
The relative susceptibility of various sahnonid species is a 
complicated question. It appears that a spedes' susceptibility to whirling 
disease depends on both its ability to effectively fight an infection by M 
cerebralis spores (resistance to the disease itself), and a life history which 
exposes the fish to varying levels of spores when it is young (resistance to 
infection). For example, the spores of M. cerebralis have been shown to
readily infect rainbow trout (Onchorynchusmykiss), the overwhelming 
majority of which progress to full-blown whirling disease; in hatcheries or 
experimental settings (Elson, 1969; Griffin and Davis, 1978; HaUiday, 1973) 
and in the wild (Hedrick, Wishkovsky, Modin and Toth, 1991; Horsch, 1987). 
Rainbows also tend to spawn in the main stems of rivers or lower sections 
of tributaries where spore levels are beheved to be highest, thus their 
exposure to Af. cerebralis during the critical first months post-hatch is very 
high. This high level of exposure coupled with rainbow's inability to fight the 
resulting infection has rendered it especially hard-hit among sahnonids. 
Cutthrout trout, like rainbows, can not fight infection by M. cerebralis 
spores effectively, but since most cutthroats spawn in higher elevations, 
their exposure to spores is lower during the critical period, and thus 
populations have not been as sharply reduced by the disease as the 
rainbow. Brown trout offer yet another scenario. These fish are lower 
elevation spawners like rainbow and do become infected with spores, but 
since they evolved with the parasite, they are largely able to fight the 
infection and survive (that particular threat) (Marty, 1999).
An order of inherent and/or behavioral susceptibihty of sahnonids to 
whirling disease was suggested by O'Grodnick (1979) and has been 
generally supported by field observance. Rainbow trout is generally 
thought to be the most susceptible, followed by brook trout (Salvelinus 
fontinalis\ cutthroat trout (Onckorynchusclarki), sockeye salmon 
(Onchorynchus nerka), chinook salmon {Onchorynchus tshawytscha\ and 
brown trout {Salmo trutta). The susceptibihty of other sahnonids such as 
lake trout {Salvelinus namaycush\ arctic grayling (Thymallusarcticus) 
and bull trout (Salvelinus confluentus) is still in the speculative stage, 
although the comparable paucity of positive findings has led to the
assumption that these species are at least somewhat resistant to the 
disease, through one or both pathways.
The control of whirling disease has historically focused on control of 
M. cerebralis spores (Hoffinan and Hoffinan, 1972; Hoffînan and Markiw, 
1977; Taylor, CoH and JuneU, 1973), and this work continues, as well as 
efforts to identify fish genotypes that are genetically resistant or especially 
susceptible (Walker and Nehiing, 1995). Work also continues on age- 
specific susceptibility of trout (Markiw, 1991,1992), and on improved DNA- 
based detection tests.
Thus far, httle effort has been applied to the ecology and possible 
control of T. tubifex, the alternate host for the parasite. It has been 
recognized for some time that T. tubifex is tolerant of organic pollution and 
low dissolved oxygen, and has been commonly used as an organic pollution 
indicator (Barnett, 1983; Lang and Reymond, 1992; Sarkka, 1996). Until 
recently, however, the possible role of other types of habitat disturbance in 
the spread of T, tubifex and ultimately, whirling disease, has not been 
explored.
Based upon almost two years of intensive field sampling in Montana 
and Idaho, Dr. Dan L. Gustafson of Montana State University has put forth 
a hypothesis that human-caused stream disturbance has been responsible 
for an increase in T. tubifex numbers and distribution, due to T. tubifex's 
tolerance for polluted habitats (pers. comm. 1997). Gustafson 
hypothesizes that in a relatively undisturbed stream ecosystem with a 
diverse worm and insect assemblage, T. tubifex are poor competitors and 
their numbers remain at low levels or are absent completely. The literature 
does not directly support or refute this hypothesis, generally stating that
while T. tubifex is tolerant of organic pollution, it is also found in "clean" 
areas (Brinkhurst, 1971,1971,1974 and 1991).
A recent study of the effects of disturbance on benthos in mountain 
streams showed that while the abundance of most aquatic invertebrates 
plummeted after an insecticide treatment (the disturbance), the numbers 
of aquatic oligochaetes rose, presumably due to lack of competition 
(Lugthart and Wallace, 1992). If other types of human disturbance also 
reduce competition and predation for T. tubifex, it may multiply rapidly, 
greatly increasing the chance for whirling disease to spread.
Gustafson's hypothesis that stream disturbance creates favorable 
conditions for whirling disease has not yet been examined in field studies. I 
concluded that the next logical step in the study of whirling disease was to 
examine the possible connection between T. tubifex distribution, stream 
geomorphological factors, and human-caused disturbance, particularly 
cattle grazing.
Cottonwood Creek (figure 1 and 2), a tributary to the Blackfoot River 
in western Montana, contains M. cerebralis and Tubifex tubifex, according to 
sampling done by the Montana Department of Fish, Wildlife, and Parks 
(FWP meeting, 1997). Cottonwood Creek has been heavily to moderately 
affected by various land-use activities, mainly cattle grazing, water- 
withdrawals for irrigation, timber harvest, and development (roads and 
housing). The effects of such disturbances are reflected in the overall 
health of Cottonwood Creek, and can be gauged by assessing several 
stream and stream parameters. This situation provided an excellent 
opportunity to study the current distribution of T. tubifex populations in an 
M. cerebralis positive stream with varying levels of human-caused stream 
and riparian disturbance.
Figure 1. Location of the Blackfoot River watershed within the state of 
Montana.
Figure 2. Location of the Cottonwood Creek subwatershed (in blue) and 
other tributaries to the Blackfoot River .
RESEARCH OBJECTIVES AND HYPOTHESES
The research objectives of this study are:
1) Document the presence/absence and abundance of Tubifex tubifex 
within 16 selected reaches in Cottonwood Creek that span the variety of 
habitats found from the headwaters to its confluence with the Blackfoot 
River.
2). Describe the location, geomorphology, and the intensity and primary 
causes of human impact within the 16 selected reaches.
3) Compare T. tubifex abundance sites exhibiting high and low levels of 
grazing impacts, between different geomorphic units, and different habitat 
types.
Ho: There are no significant differences ( alpha 0.05) in T, tubifex 
distribution between high and low grazing impact sites, between 
geomorphic units or between habitat types.
4) Evaluate whether there are correlations between T. tubifex distribution 
and a variety of habitat factors and aquatic taxa.
Ho: There are no significant correlations (alpha 0.05) between 
Tubifex tubifex distribution and the sampled habitat factors or 
aquatic taxa.
METHODS
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In order to examine how habitat factors afiFected T. Tubifex 
(hstribution, I classified randomly selected reaches of Cottonwood Creek 
based on geomorphology and habitat type. I spUt the stream into four 
major sections according to gradient and geomorphology. These are, in 
order fh)m the creek's headwaters to its confluence with the Blackfoot 
River, 1) glacial valley, 2) outwash plain, 3) moraine, and 4) marsh (Peters, 
1990). Total stream mileage is roughly equal in all four sections-4.6,4.0, 
4.7, and 3.8 miles, respectively (figure 3).
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Figure 3. Stream channel gradient, land ownership, dominant trout species, 
stream flow characteristics, and fish sampling sections in Cottonwood 
Creek.
Following this initial classification, I divided each geomorphic unit into a 
succession of 800 ft. long reaches, for a total of 112, with approximately 28 
individual reaches per geomorphic unit. I classified all the reaches as 
having a high or low level of grazing impact based on density of riparian 
vegetation. Then, I randomly selected two high impact and two low impact 
800ft long reaches from each géomorphologie unit, for a total of 16 separate 
reaches. Actual sample length of reaches was determined by 40x the 
wetted width of the stream (Simonson, Lyons, and Kanehl, 1994). For 
example, if the wetted width of one of the selected reaches is 13ft, then I 
would sample the first 520ft of that 800ft long reach.
Each sampled reach was examined by following the protocol of 
Watson and Hillman (1997). This approach entailed walking through a 
selected reach of stream, and classifying successive habitats as either 
turbulent fast water, smooth fast water; scour pool or dam pool [(both slow- 
water habitats) (Hawkins et al, 1993)]. Spring flows temporarily alter the 
habitat types of some of the reaches; but most revert back to their 
"natural state", based on gradient and substrate. Even when a reach is 
permanently changed from one habitat type to another, this study is based 
on the assumption that T. tubifex will move to their most desired habitat.
Each of these habitat types was treated as a discrete sample site, 
and biophysical parameters were sampled and measured within that 
habitat type. These included habitat length, wetted width, average depth, 
sediment depth, dominant substrate, degree of embeddedness, percent 
surface fines, large woody debris, percent undercut banks, canopy cover, 
type and severity of disturbance, and Rosgen stream type (Watson and
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Hillman, 1997). Macroinvertebrate and oligochaete sampling was also done 
at this time.
The riparian community of each of the 16 reaches was examined via 
two transects one-third and two-thirds of the distance from the beginning of 
the variable length of that 800 ft. long reach. I measured a variety of 
riparian parameters at 10 and 30 ft. perpendicular distances along these 
transects on both sides of the stream, for a total of eight readings per reach. 
These parameters included percent canopy cover by coniferous trees, 
deciduous trees, shrubs, forbs, and grasses. Grazing impact was also 
estimated at this time. Vegetation level was assessed as an indicator of the 
degree of grazing impact.
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HIERARCHY OF SAMPLING
Sixteen 800ft reaches were identified for study (that is, 4 geomorphic units, 
2 grazing impact levels, 2 replicates of each).
Low grazing impact 
based on 
High veg. density
High grazing impact 
based on 
Low veg. density
rep 1 rep 2 rep 1 rep 2
Glacial valley 1 2 3 4
Outwash
plain 5 6 7 8
Moraine 9 10 11 12
Marsh 13 14 15 16
Each of the a 30ve 16 reaches were surveyed for:
Additional disturbance factors 
type, age, and severity 
Riparian parameters
% canopy cover by coniferous trees, deciduous trees, 
shrubs, grasses, and forbs 
Rosgen stream type
and divided into successive habitat types of either: 
turbulent fast water 
smooth fast water 
scour pool
dam pool---------- Each of these discrete habitat types was
sampled for:
benthic invertebrates (one pooled sample from six
subsamples)
Stream parameters
large woody debris % embeddedness
% under cut banks % surface fines
canopy cover dominant substrate
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AU macroinvertebrate and oligochaete sampling was conducted 
using a heavy-duty aquatic dip net with a mouth size of 44 square 
centimeters and mesh size 0.5 mm. At each sampling location, I would 
anchor the bottom of the rectangular mouth of the net to the streambed 
with one hand, and with the other, vigorously stir/dig with a smaU garden 
trowel in the underlying substrate 3-6 inches deep within a two square-foot 
area for 30 seconds, catching the flow of effluent with the dip-net 
(Gustafson, personal comm.). If the water was deep, fast, or the substrate 
particularly embedded, I would substitute a kicking, grinding motion with 
my feet, and hold the net with both hands. This sampling procedure was 
repeated six times along a transect for each discrete habitat, and pooled to 
form one large sample.
CoUected organisms were separated from large debris and sand using 
nested, sieved buckets. The resulting sample was bathed in a 70% ethanol 
solution for two minutes, poured off, and then covered with Kahle's solution 
(60 parts distifled water, 30 parts 100% ethanol, 3 parts formalin, 1 part 
acetic acid) for transport to the lab and short-term storage.
All oligochaete identification was completed by Dr. DeeDee Kathman 
(one of the foremost experts on T. tubifex and other aquatic oligochaetes) 
and staff at Aquatic Resources Center in Franklin, TN. Ninety-five percent 
of the macroinvertebrate identification was done by Dr. Carlene Farmer 
and her staff*at Westech, Inc., Helena MT. The remaining 5% (all from 
reach 8) were done by myself. Before sending any of the organisms off to 
other labs, I washed them free of the Kahles solution, and sorted the worms 
from the macroinvertebrates, as well as removing most of the remaining 
debris. I randomly subsampled many of the especially voluminous 
samples; dividing a sample into four equal parts and randomly selecting one
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section for identification, the results of which I multiphed by four. 
Specimens were preserved in 70% ethanol for their trips for shipment. I 
used a standard dissecting microscope and the Merritt and Cummins 
aquatic insect taxonomic key for the macroinvertebrates I identified.
Disturbance was evaluated in two ways. First, I focused on grazing 
impacts. I used recent aerial orthophotographs to roughly classified each 
800 ft. long transect as having either high or low levels of grazing impact, 
using density of riparian vegetation as my indicator of impact. Sustained 
cattle grazing in riparian zones is recognized as a significant factor in areas 
of reduced riparian vegetation vigor, cover, and density (Clary, 1995; 
Popohzio, Goetz and Chapman, 1994; Schultz and Leininger, 1990). I then 
randomly selected two high impact (low vegetation) and two low impact 
(high vegetation) reaches from each geomorphic unit (for a total of 16) as 
my sample sites.
I assessed overall disturbance fi*om a variety of activities by using a 
scoring index developed by Watson and Hillman (1997) that measures the 
type and severity of a variety of disturbances. I used this index at the same 
eight locations that I took vegetative measurements along a particular 
reach. Following the protocol of this index, I identified the type of 
disturbance as timber harvest, severe and fight bum, severe and fight 
grazing by cattle, severe and fight grazing by elk/deer, fluvial event, and 
wind throw. I added the presence of a road to this fist. I also determined 
whether these events occurred vtithin the year, between 2 and 10 years 
ago, 10-30 years ago, and more than 30 years ago. The intensity of each 
type of disturbance was determined by gauging the percentage of 
vegetative structure affected—0-25%, 25-50%, 50-75%, and 75-100%. I 
assigned a score of 1,2, 3, or 4 respectively for the severity of each type of
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disturbance in evidence. A score of zero was received if the site showed no 
signs of disturbance. I used these scores to compile a Total Disturbance 
Score (TDP) for each of the 16 reaches.
Three types of statistical analysis were used to analyze data. First, 
Pearson's Correlation Coefficients for non-categorical data and Spearman's 
Rho for categorical data was used to identify relationships between 
independent variables (Appendix 3) and the total abundance of T. tubifex. 
Determining which variables were positively correlated to each other was 
useful because it was a method to identify potentiaHy significant 
relationships. However, this analysis only identified relationships among 
variables, and methods which would accommodate multiple effects of 
variables as weU as statistical tests to quantify significant differences were 
needed.
Logistic regression, like Pearson's Correlations, is not a test, rather it 
is a modeling technique that was used in this research to identify variables 
which significantly predicted the presence or absence of T. tubifex. Logistic 
regression not only accommodated the potential for combined effects of 
variables, but its less stringent assumptions allowed the use of a bivariate 
dependent variable (e.g. 0 or 1) and categorical independent variables. 
Forward selection method for variable selection was used. Forward 
selection began with the statistical program [(SAS) (SAS Institute, 1990)], 
including the variable with the highest correlation with the dependent 
bivariate variable in the model. If this variable significantly predicted 
(alpha = 0.05) the dependent variable, it was retained in the model. The 
program then added the next highest correlated variable in the model. If 
this variable significantly improved the model given the presence of all 
other variables in the model, it was retained. When model improvement
15
decreases below a prescribed threshhold of significance (p-value 0.001), the 
model fit the variables and estimated logistic regression parameters. 
Logistic regression models the variables which most consistently predict 
T. tubifex presence or absence. For example, two difierent insect taxa may 
not have been significantly correlated with T. tubifex individually; but when 
their combined efiects are analyzed, they might have been significant 
predictors. For these reasons I selected logistic regression as one of my 
descriptive analysis methods.
While Pearson’s Correlation and logistic regression were useful for 
describing variables and their relationship with T. tubifex, it was necessary 
to employ a statistical test. Kruskal-WaUis non-parametric one-way 
ANOVA was used to test for significant differences between T.tubifex 
abundance among "treatments". Treatments were the thirty six 
independent variables. This test was chosen in place of a parametric one­
way ANOVA because the data did not meet all three assumptions 
necessary to perform a valid parametric ANOVA. These were: normality of 
data, independence and homogeneity of variance. The data only met the 
second assumption, thus requiring the use of the Kruskal-Wallis test 
which was less robust but had less restrictive assumptions for the data.
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RESULTS
T Otai Oligochaete Abundance
I
s
E
Sample sites in order of 
highest to lowest elevation
Tubifex tubifex
Lumbricidae
Immature
Enchytraeidae
Limnodrilus
hoffmeisteri
Rhynchelmis
spp.
Rhyacodrilus
coccineus
Figure 4. Number of individual organisms sampled in above oligochaete 
groups for various landforms (glacial valley sites 1-4, outwash plain sites 5- 
8, moraine sites 9-12, marsh sites 13-16) within Cottonwood Creek in 
western Montana for the summer of 1997.
The objectives of this study are restated here in italics followed by pertinent 
results.
1) Document the presence or absence ofT. tubifex populations within 
16 selected reaches in Cottonwood Creek.
Out of 73 sampled subsections, T. tubifex was found in only seven. 
Abundance ranged from a low of one worm to a high of 72 (see figure 4). T. 
tubifex was found in greatest abundance in smooth fast-water habitats in 
the moraine unit and scour pools within the marsh unit (figures 6 and 7). 
Twelve subsections (including those that contained T. tubifex) had 
populations of immature worms that could have been T. tubifex.
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2). Describe the 16 selected reaches for immediate and future (after 
restoration work) reference.
As mentioned before, Cottonwood creek changes considerably as it flows 
through widely varying landforms, owemship, and land-use. The following 
tables display some quantitative characteristics such as total disturbance 
points (TDP), numbers of T. tubifex^ Rosgen stream type, primary source of 
disturbance, and manager/owner of that stretch of stream and immediate 
riparian area (30ft. on either side). I have included additional descriptions of 
the sites in Appendix I.
Table 1. Total disturbance points (TDP), T. tubifex abundance, Rosgen 
stream type, primary source of impact and management/ownership for 
study sections within glacial valley geomorphic type
Site 1 2 3 4
TDP 11 0 6 0
T. tubifex 0 0 0 0
Rosgen type A2 03 E4 B2
Impact Type Recreation/
Logging
minimal Road
Logging
minimal
Management/
ownership
Lolo Nat’l 
Forest
Lolo Natl 
Forest
Lolo Natl 
Forest
Plum Creek 
Timber Co.
Mean TDP 4.25; Standard Deviation 5.3.
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Table 2. Total disturbance points (TDP), T. tubifex abundance, Rosgen 
stream type, primary source of impact and management/ownership for 
study sections within outwash plain geomorphic type
Site 5 6 7 8
TDP 32 22 41 23
T. tubifex 0 2 0 0
Rosgen type D3b F4 D3b B3
Impact type Logging
Grazing
Grazing
Logging
Grazing 
Past logging
Grazing
Management/
Ownership
Plum Creek 
Timber Co.
Private Private Private
Mean TDP 29.5/ Standard Deviation 8.9 
Mean T. tubifex 0,5/ S.D. 1.0
Table 3. Total disturbance points (TDP), T. tubifex abundance, Rosgen 
stream type, primary source of impact and managemenVownership for
study sections within moraine geomorphic type
Site 9 10 11 12
TDP 4 3 17 4
T. tubifex 0 3 74 0
Rosgen type E3 C3 C3 B2
Impact type minimal minimal Cattle
grazing
minimal 
cattle grazing
Management/
Ownership
Private game 
range
Private game 
range
Private game 
range
Private game 
range
Mean T. tubifex 19.25/S. D. 36.5
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Table 4. Total disturbance points (TDP), T. tubifex abundance, Rosgen 
stream type, primary source of impact and management/ownership for 
study sections within marsh geomorphic type.
Site 13 14 15 16
TDP 0 0 11 12
T. tubifex 66 30 0 1
Rosgen type F4 F4 E6 B3
Impact type minimal minimal minimal Cattle
grazing
Management/
Ownership
Game range Game range Game range Private
Mean TDP 5.75/Standard Deviation 6.7 
Mean T. tubifex 24.25/ S.D. 31.1
3) Compare information gathered at disturbed versus undisturbed sites y 
between geomorphic units, and between habitat types.
As explained in the methods section, I used two different methods to 
designate a particular reach as highly impacted or tittle impacted. In the 
first, I used recent orthophotographs of the riparian vegetation bordering 
Cottonwood creek to make rough estimates of a particular reach betug 
highly impacted (low levels of riparian vegetation) or tittle impacted (high 
veg. levels). Using this information, I used a two-sample ^-test to determine 
if there was a significant difference between the numbers of T. tubifex 
worms found in highly impacted versus tittle impacted sites. The resulting 
^-statistic was well within the range of normal deviation. Hence, differences 
were not statistically significant.
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In the second method, I used points generated from a ground-truthing 
form designed to asses the type, age, and severity of disturbances (see 
Appendix 4 for criteria and form). These points ranged from 0- 41,0 being 
httle impacted and 41 heavily impacted. While the results of this method of 
assessing impacts did not always correspond with the results of the other 
method (i.e., several reaches designated as being little impacted based on 
the orthophotographs were found to have significant levels of impact on the 
ground and vice-versa), I still found no correlation between T. tubifex 
abundance and a visual assessment of stream impacts.
I found a significant Pearson's correlation between geomorphic type 
and r . tubifex abundance (figure 5). Logistic regression also included 
geomorphic type in its model of predicting variables for T. tubifex presence 
or absence. I found zero T. tubifex within the glacial valley section, and only 
two within the outwash plain. However, I found 77 T. tubifex within the 
moraine section, and 97 within the marsh section. Thus, T. tubifex 
abundance increased downstream, resulting in a Pearson's Coefficient of 
0.32. Geomorphic type, of course, combines several different factors such 
as elevation, gradient, substrate, and probably temperature into one term, 
but I caution against making generalities based on the individual 
components of geomorphic units based on the whole. Dominant substrates, 
for example, were constantly changing within and between the geomorphic 
units. Gravel was dominant in an entire section within the glacial valley 
unit, while boulders were the dominant substrate within the moraine unit 
twice. The arrangement of dominant substrate did not always fit the 
popular (and generally correct) view that substrate size usually diminishes 
with elevation.
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Total T. tubifex abundance from highest  
e levat ion  to  low est
Glacial valley
Outwash plain
Moraine
Marsh
T. tubifex abundance
1 1 1 1 1 1 r — I 1—
0 10 20 30 40 50 60 70 80 90100
Figure 5# Total number of T. tubifex worms found within the four dominant 
geomorphic types (glacial valley, outwash plain, moraine, marsh) along 
Cottonwood creek in western Montana for summer of 1997.
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Tubifex tubifex numbers also appear to be correlated to a specific 
habitat type. Logistic regression analysis included habitat type in its model 
of predicting variables for T. tubifex presence or absence. Only one T. 
tubifex worm was found within a fast, turbulent water (riffle) habitat type, 
and only two within a dam pool. Seventy-four worms were found within 
smooth, fast-water (glides) habitat types, and ninety-nine were found within 
scour pools. These results are illustrated in Figure 6.
0»
6 “■ 
5 -- 
4 -- 
3 -- 
2 - -  
1 -- 
0  - -
Mean T. tubifex abundance by habitat type for 
sample area. Standard deviation values are 
indicated in parentheses under each habitat 
type.
fast turbulent 
NA
fast non- 
turbulent 
(14.4)
scour pool 
(16.7)
Habitat Type
dam pool 
( 1.0 )
Figure 6. Mean T. tubifex abundance by habitat type (fast turbulent, fast 
non-turbulent, scour pool, and dam pool) for Cottonwood Creek,
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In conclusion, T. tubifex abundance and human-caused impact were 
not correlated, given the measurements and methods I used. T. tubifex 
abundance and geomorphic type and habitat type are correlated, with T. 
tubifex abundance greatest in moraine and marsh geomorphic types, and 
riffle and scour pool habitat types.
4) Evaluate whether T. tubifex abundance appears positively or 
negatively associated with any abiotic factors or with any members of the 
biotic community. As previously stated, I plotted a wide variety of 
variables against T. tubifex abundance using Pearson's Correlation 
Coefflcient or Spearman's Rho to determine the strength of relationships. 
Included in the correlation analysis were a) five oligochaete groupings: 
Limnodrilus hoffmeisteri, Rhyacodrilus coccineus, Enchytreidae, 
Rhynchelmis spp, and Lumbricidae; b) 23 insect families: order 
Ephemeroptera (including Baetidae, Ephemerellidae, Heptageniidae, 
Leptophlebiidae, Siphlonuridae, and Capniidae); order Plectoptera 
{mchxdàmgChloroperlidae, Nemouridae, Peltoperlidae, PerlidaCj Perlodidae 
sad Apataniidac); order Trichoptera (including Brachycentridae, 
Glossosomatidae, Hydropsychidae, Lepidostomatidae, Limnephilidae, and 
Rhyacophilidae ); order Diptera (including Chironomidae, Psychodidae, 
Simuliidae, and Tipulidae); and order Coleoptera; andc) the abiotic 
parameters: substrate type, imbeddedness, boulder %, surface fine %, 
undercut bank %, vegetative overhang%, canopy cover %, and large woody 
debris %.
Of the 36 tested variables, four showed significant coefficients of 0,3 
or greater. These were geomorphic unit (with a coefficient of 0.32), and 
three insect families: Enchytraeidae, with a coefficient of 0.45; 
Limnephihdae with a coefficient 0.36; and Coleoptera with a coefficient of
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0.45. The relationship of T, tubifex to geomorphic unit has already been 
discussed. As to the other three variables, since chance alone would dictate 
that 5% of the variables would show significant correlation, such findings 
are not surprising.
Following these initial analyses, I used logistic regression ( SAS 
Institute, 1990) as another means to determine if any "independent" 
variables (e.g. macroinvertebrate species, abiotic parameters, level of 
disturbance ...) predict the presence or absence of T. tubifex. I was curious 
to see whether some of the variables which showed only weak correlations 
might prove to be useful in the context of a predictive model. Logistic 
regression examines categorical numbers separately fi*om ordinal variables, 
which leads to more statistically appropriate treatment of a mix of variable 
forms. Please see the methods section for a more detailed description of 
logistic regression. The resulting model was able to predict correctly the 
presence or absence of T. tubifex 84% of the time. Included in the model 
were 1) geomorphic unit, 2) habitat type, 3) substrate type, and 4) 
hmnephilidae.
The fact that substrate appears to have a great influence on the 
location and abundance of T. tubifex populations was no surprise, but the 
type of substrate was. Seventy-two worms each were found in cobble and 
gravel, 30 in sand, and only 2 in fine sediment (figure 7).
eu
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Mean T. tubifex abundance by substrate type. 
Standard deviation values indicated in parentheses.
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Figure 7. Mean T. tubifex abundance by substrate types (bedrock, boulder, 
cobble, gravel, sand, and fine sediment for Cottonwood Creek.
Figure 7 illustrates the mean abundance of T. tubifex among the 
available substrates. The mean abundance for sandy substrate is very 
high as this was based on only 2 sandy habitats. The majority of habitat 
within my sampled area of Cottonwood Creek was cobble or gravel. If the 
prevalence of sandy substrate increased in the drainage, T. tubifex numbers 
might also increase.
I was surprised by the lack of association between T. tubifex and fine 
sediments. While T. tubifex is an extremely cosmopohtan species, it is most 
commonly found in silty sediments, as they are adapted to burrowing in and 
ingesting the sediment, obtaining their nutrition from bacteria within 
(Brinkhurst, 1974). In predominantly stony streams such as Cottonwood 
Creek, lumbricuhds and naidids tend to be the most numerous oligochaete.
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but tubifidds (including T. tubifex) are still commonly found in more silty 
sections (Brinkhurst 1974). However, my findings did not follow this 
pattern. T. tubifex was correlated with sandy, but not silty, substrates. As 
expected, no T. tubifex were found in those subsections with a boulder or 
bedrock- dominated substrate.
The relationship between T. tubifex and temperature is complex, as 
they have adapted to different temperature regimes in different areas. For 
example, one temperature study states that tubificid sexual reproduction is 
a relatively stenothermal process requiring temperatures not exceeding 10- 
15° Celsius (Timm, 1980). Another study, however, maintains that high 
mortality (60%) occurs in temperatures below 10° C, and the optimum 
temperature is between 18-20° (Poddubnaya, 1980). I took temperature 
readings at each site at the time of samphng, which occurred within the 
daytime during the two hottest months of the year, July and August. 
However, as I did not take repeated readings, these results can provide only 
anecdotal reference. As expected in a mountain stream, temperatures 
gradually increased from the headwaters to the valley floor, but no readings 
exceeded 16° C, and the average was 12° C. Hence, we can probably safely 
assume that the temperatures within Cottonwood Creek are within an 
acceptable range in summer.
In this small mountain stream in western Montana, T, tubifex 
abundance showed no obvious link to a wide range of abiotic or biotic 
parameters. However, T. tubifex abundance is positively associated with 
moraine and marsh geomorphic types; riffles and scour pools; sand and to a 
lesser degree gravel substrates, and may be associated with Coleoptera, 
Limnephilidae, and Enchytraeidae.
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DISCUSSION
This study has provided several possible insights into the ecology of 
T. tubifex. One is that the greater abundance of T. tubifex within the lower 
geomorphic units suggests a relationship between T. tubifex and elevation. 
This relationship involves slope and substrate and could be a function of 
natural processes or impact by humans. The methods we used to assess 
impact suggested that less impacted reaches are just as likely to harbor T. 
tubifex as more impacted reaches. Independent variables such as % 
surface fines, percent overhanging vegetation and canopy cover, which 
might indicate specific types of human impacts, also showed no correlations 
or ability to predict the presence or absence of T, tubifex. Levels of organic 
pollution, which T. tubifex is tolerant of (but does not necessarily prefer), 
probably do not fluctuate enough within a system of this size to influence 
distribution.
An alternative outlook includes the realization that human activity 
and disturbance such as road-building and maintenance, cattle grazing, and 
timber harvest are typically more frequent in lower elevations due to 
broader valleys, moderate climates and preferred vegetation. These 
activities could have impacts outside of those we measured, and/or increase 
the amount of sand within the streambed, thereby providing additional 
habitat for T. tubifex. Segregating variability contributed by natural forces 
from those caused by human activities was not possible within this study 
given the broad scale of measurements we used for assessing impact.
The inverse relationship between T. tubifex and elevation exhibited in 
this study is good news for trout species native to Montana, especially
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westslope cutthroat. Breeding populations of these fish spawn and rear 
(the time they are most susceptible to infection) mainly in the headwaters 
of Cottonwood Creek and other tributaries throughout western Montana, 
while rainbow and brown trout (non-natives) dominate the lower reaches 
(Pierce, Peters, and Swanburg, 1997). This situation provides hope that 
Montana's native fish might escape widespread infection, but underscores 
the serious threat that faces non-natives; which is seen as both positive 
and negative fi%)m the standpoint of difierent special interest groups.
In the fall of 1997, MDFWP conducted a grab sample of trout from 
four difierent locations in Cottonwood creek to gauge the severity of whirling 
disease in that system. Out of the four sample locations, only the lowest 
section (just below the highway 200 bridge) contained fish that were 
positive for M. cerebralis spores. Twenty-seven percent of the fish taken 
from this section had lesions consistent with M. cerebralis infection; evenly 
divided between brown trout, rainbow trout, and rainbow/cutthroat hybrid 
(MDFWP, 1997). These results support my findings in showing fish fi*om 
lower elevations to be most at-risk for infection by M. cerebralis and 
subsequently developing whirling disease.
The apparent affinity of T. tubifex for sandy substrates in fast, 
smooth water (riffles) and scour pools is interesting because that 
relationship has previously been largely undocumented. However, this 
probably has little influence on infection rates, as Myxobolus cerebralis 
spores float freely within the water column and could easily be washed to 
other areas.
The fact that the insect family Limnephilidae (representing 
Dicosmoecus sp., Ecclisomyia sp., and Limnephilus sp,) showed a significant 
correlation with T. tubifex abundance and was also included in the predictive
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model for T. tubifex presence/absence was intriguing. These findings 
suggest that at least these three genus fi-om Limnephilidue and T, tubifex 
share many of the same habitat requirements. It might be possible to use 
existing macroinvertebrate data on Montana creeks and rivers to identity 
those sections which contain Limnephilidae and thus, potentially T. tubifex.
It is possible that a better understanding of the distribution of T, 
tubifex within Cottonwood Creek could be obtained by following a course of 
sampling spanning all four seasons, Gustafson (pers. comm., 1997) notes 
that many T, tubifex worms are immature during the mid to late summer, 
when I did the majority of my sampling, making organisms hard to identify 
positively. Another study (Poddubnaya, 1979), however, suggest that this 
concern is no greater in summer than in other seasons. T. tubifex 
reproduces at different times of the year, and sexual maturity (necessary 
for positive identification) is attained anywhere from 2-10 months after 
hatching. To compUcate matters further, sexual organs are resorbed during 
non-reproductive time periods (Poddubnaya, 1979), so mature worms are 
often rendered unidentifiable for those time spans. Hence, summer is as 
good as any other season to sample, and my results reflect the status of T. 
tubifex within Cottonwood Creek during the summer months. Moreover, 
rainbow and cutthroat trout spawn in the spring, thus the most important 
time to monitor T. tubifex populations would be in the summer, when the 
trout are young and most susceptible to whirling disease.
There appears to be some evidence (Gustafson, pers. comm. 1997) 
that spring creeks often harbor high concentrations of T. tubifex, because 
they are cold and harbor few organisms which prey on T. tubifex. There are 
several spring creeks within the Cottonwood Creek watershed, along with 
several irrigation ditches. Certain water chemistries of these spring creeks
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or ditches might exert a subtle influence on T. tubifex distribution, but I 
suspect that much of the patchy distribution is simply a by-product of the 
dumping nature of T. tubifex itself. Unfortunately, the proximity of spring 
creeks or irrigation ditches to sample sites, and water chemistry were not 
included in my sample parameters, but these factors may warrant future 
studies.
Management imphcations of these results indude possibilities for 
focusing restoration and protection efibrts on those tributaries which have 
a high proportion of their stream length in higher elevations, and/or upper 
elevational sections of individual streams. These areas might provide 
réfugia for cutthroat and other trout native to Montana during the whirling 
disease crisis.
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APPENDICES
APPENDIX I: Descriptions of Sampling sites 
Site 1. Cottonwood Lakes campground.
While this site sees heavy recreational use and was logged 20-30 years ago, 
impacts on the stream itself are small, as the boulder/cobble 
dominated bank and streambed is résiliant to damage. The section of the 
reach that flowed through the camping area itself has low canopy cover, 
due to the area being kept clear for camping, but upstream canopy cover 
and riparian health is excellent. The entire reach had a low percentage of 
wetted streambed covered with surface flnes—3% or less.
Site 2. Approx. two stream miles south of Cottonwood lakes.
This stretch of stream was characterized by numerous scour pools, 
extremely thick riparian vegetation, and no evidence of disturbance in the 
past 30 years. The gravel-dominated substrate was completely 
unembedded and easily disturbed.
Site 3. At point where road leading to Cottonwood lakes crosses stream. 
This site had been logged in the past, but is almost completely recovered. 
This is one of the few sites that contained significant amounts of large 
woody debris, resulting in several large, cool pools. Canopy cover and 
percentage of undercut banks was also excellent. I noted many young trout 
taking advantage of this desirable habitat.
Site 4. Just north of confluence with Little Shanlev Creek.
This site visually typified a small mountain stream in good condition—a 
cobble/boulder substrate with extremely low surface fines (usually >1%), 
stable, undercut banks, and good canopy cover. The one negative point was 
a low amount of large woody debris, as was true in almost all 16 sample 
reaches.
Site 5. Just north of old logging road 11/2 miles of Kozv Komer.
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While this site had been severely disturbed through timber harvest and 
overgrazing in the past, it appeared to be in a state of recovery. One relic of 
the severe disturbance was an extremely braided stream channel, and no 
pools in this reach. Canopy cover was low and surface fines high.. Bank 
condition ranged from poor to surprisingly good. Cobble and gravel 
substrate.
Site 6. Quarter-mile south of site 5.
Similar to Site 5 without the extensive braiding and surface fines.
Site 7. 300 yards north of Woodworth Rd. bridge over Cottonwood Creek. 
Heavily grazed, extremely disturbed. Multiple channels, wide and dished 
out, evidence of heavy organic loading, high surface fines, low riparian 
vegetation. Most disturbed site in study. Cobble substrate.
Site 8. Just south of Woodworth Rd. bridge.
Moderate to heay grazing, with moderate to low surface fines and veg. 
overhang. Canopy cover was moderate to good. Cobble substrate.
Site 9. Half-mile south of Woodworth Rd. iust off the connecter logging rd. 
Little evidence of recent disturbance. Thick riparian vegetation, lots of 
large woody debris. Excellent undercut banks, deep pools, moderate to high 
surface fines. Cobble substrate.
Site 10. Northern edge of Bandv ranch.
Heavily grazed in the past, seemed to be on the road to recovery. Still very 
low riparian vegetation. Fairly high surface fines. Cobble and gravel 
substrate.
Site 11. 100 yards north of house on Bandv Ranch.
Moderately grazed. Heavily riprapped in some areas. Low canopy cover 
and veg. overhang. Cobble, gravel, and fine sediment substrate.
Site 12. 100 yards south of house on Bandv Ranch.
Lightly grazed, but still low riparian vegetation. High boulder percentage, 
low to moderate surface fines.
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Site 13. Directly north of Game Range bridge.
While the game range itself is moderately to heavily grazed, the immediate 
riparian area here and at site 14 was in excellent condition. Thick shrubs 
made access nearly impossible at points. Surface fines were nonetheless 
high at one locality. Deeply undercut banks, good canopy cover, deep pools. 
Cobble substrate.
Site 14. Directlv south of Game Range bridge.
Similar to site 13, except less surface fines and gravel and sand substrate.
Site 15. Big pond at point closest to game range road.
This entire section was comprised of a wide, still pool with deep organic 
substrates. Close to road, but otherwise minimally disturbed.
Site 16. South ofhwv 200 bridge.
Moderately grazed, poor bank condition. Low vegetative overhang and 
canopy cover, high surface fines.
APPENDIX II. A more detailed explanation of sampling methods.
Due to the difficulties involved in effectively sampling aquatic oligochaetes 
using traditional quantitative methods for benthic organisms [(such as 
using core samplingXGustafson, 1997)], I employed similar sampling effort 
rationale for aU macroinvertebrate and oligochaete sampling.
After I had selected a particular reach of stream to sample using my 
afore-mentioned methods, I would hike to the selected reach. After 
determining the beginning of my section from my maps, I would attach the 
line fi'om my string box to a stout tree or shrub limb and begin walking. 
Sometime during the first 20 or 30 ft of stream I would determine the 
roughly average wetted width of the stream, multiply that by 40, and thus I 
would have my length for that particular stream section. When the initial 
habitat type changed into another type, I stopped, noted the distance I had 
covered from the string box, and wrote down the type and length of that
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habitat type on my data sheet. Then I would put up a small piece of colored 
flagging on a shrub or hmb at the juncture of those two habitat types. I 
would continue in this fashion until I had covered the earher-determined 
length for that stream section.
Some stream sections were highly dynamic and changed constantly- 
my second section had twelve separate habitats within only 440 ft. Most 
sections, however, were fairly static and had long, uninterrupted stretches 
of a certain habitat type, with the exception of the pools. These, by their 
very nature, tended to be much shorter in length than the running water 
sections. A habitat had to be at least as long as the wetted width of the 
stream in order to be counted as a separate habitat type (Watson and 
Hillman, 1997). For example, if there was a 10 ft long riffle (fast turbulent) 
in the middle of a long ghde (fast non-turbulent), and the wetted width of 
that stream was 14 ft, then I didn't count it as a separate habitat type. 
However, when I went in to sample for organisms, I never included those 
anomolous areas in my sampling.
After reaching the end of my section, I would retrace my steps, 
mentally evaluating the different biotic and abiotic parameters of each 
habitat as I walked. As I came to my flagging markers, I would then stop 
and record all data for the previous habitat type, such as substrate, 
percent undercut banks, percent surface fines, etc. At this time I would 
also backtrack to the middle of that habitat type to take the canopy cover 
readings, using a spherical densiometer. I took four readings; upstream, 
downstream, and right and left. These figures were averaged out to one 
number for most data analysis.
All macroinvertebrate and oUgochaete sampling was conducted using 
a heavy-duty aquatic dip net with a 0.5 mm mesh size and a small garden
38
trowel. Before begmning my organism sampling, I placed two nested white 
five-gallon buckets half-filled with stream water on the streambank, along 
with my plastic vials of chemicals. The top bucket had its bottom cut out 
and replaced with 1-inch wire mesh, the bottom bucket had a solid bottom. 
At each spot, I would first anchor the bottom of the rectangular mouth of 
the net to the streambed with one hand, holding the trowel in the other. 
Standing just upstream from the dip-net, I would first pick up aU of the 
larger stones within the delineated area (two square feet) and brush them 
off with my hands to dislodge clinging organisms into the net. I would then 
vigorously stir/dig in the underlying substrate 3-6 inches deep with the 
trowel for 30 seconds, catching the flow of effluent with the dip-net 
(Gustafson, 1997). If the water was quite deep, fast, or the substrate 
particularly embedded, I would substitute a kicking, grinding motion with 
my feet, and hold the net with both hands. I would do this once for each of 
the six points on my sampling matrix.
The full dip-net was emptied after each of the six sample points into 
the nested buckets, using the water in the buckets to gently dislodge 
organisms fi'om the net as I gently swirled and plunged the net. This was 
done after each of the six spots both to clear the net of debris and to ensure 
that organisms from one sample site did not float away during following 
efforts. After aU six spots had been sampled, I would gently plunge the top 
bucket with the mesh bottom up and down within the other so that any 
organisms clinging to the mesh or debris would become dislodged and sink to 
the bottom of the lower bucket. I would then pick up the top bucket, 
remove the large stones and debris caught on the mesh, and inspect all of 
these items and the mesh itself for large clinging macroinvertebrates and 
worms. Any organisms I found like this I would place directly in my sample
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containers. I would then pick up the full remaining white bucket in one 
hand, and hold an aquarium-size dip net in the other, and pour the contents 
of the bucket into the net, swirling the bucket continuously so as to keep 
the Lighter material such as organisms in the water column, and the heavier 
sand and dirt in the bottom of the bucket. I would repeat this procedure 
several times, never emptying the bucket totally, so that the majority of 
grit and stones stayed in the bucket, and all the organisms went into the 
net. When finished, I would also visually and tactually inspect the debris in 
the bottom for any stragglers. The contents of the aquarium net was then 
emptied into a plastic wide-mouth Nalgene container, using a small squirt 
bottle of water to thoroughly cleanse the net of organisms. I then bathed 
the contents of the container with a 70% ethanol solution for two minutes. 
During this time I made a slip of paper stating the sample site, number, 
date and time, and put this in the container, as well as writing it on the lid. 
After two minutes, I poured the ethanol off, using the aquarium net 
stretched tightly over the top as a guard, and then covered the specimens 
with Kahles' solution (60 parts distilled water, 30 parts 100% ethanol, 3 
parts formalin, 1 part acetic acid) for transport to the lab.
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Appendix 3. Raw data of T. tubifexand 36 sampled variables. Columns 
represent 73 total sample sites within the 16 sample areas from highest to 
lowest elevation, 1 being highest, 73 being lowest The complete label for 
row headings, from left to right, are as follows: T. tubifex, habitat type, 
geomorphic unit, baetidae, canopy cover, surface fines, temperature, substrate, 
chironomidae, ephemeroptera, heptageniidae, peltoperlidae, periodidae, perlidae, 
disturbance gauged from aerial orthophotographs, Limnodrilus hoffmeisteri, 
Rhyacodrilus coccineus, Enchytreidae, Rhyncbelmis spp, lumbricidae, 
leptophlebiidae, siphlonuridae, capniidae, chloroperlidae, nemouridae, apataniidae, 
brachychentridae, glossosomatidae, hydopsychidae, lepidostomatidae, limnephilidae, 
rhyacophilidae, psychodidae, simuliidae, tipulidae, % imbeddedness, % boulder, % 
undercut banks, large woody debris, and coleoptera.
1 1 t ij b i f e h o b . t  1 opo.uni boet c o n . cov s u r f . f i  n temp 1 s u b . St r 1
1 . G0 1 . 0 0 1 00 3 0 . 0 0 16 . 00 2 0« .s 04, i
. 00 2 . 0 0 1 .00 84 .00 6 3 . 0 0 3 . 0 0 10 .00 3 00 1
i .00 3 . 0 0 1 00 2 6 . 0 0 8 6 . 0 0 3 . 0 0 10 00 2 00 I
. 00 1 . vv j . 00 4 .S . 40 . ÜW 2 . vij iiy . t/iù C 00
b .00 2 . 0 0 1 00 11 1 . 00 3 2 . 0 0 2 . 0 0 10 .00 3 . 00
6 . e e _ 1 .00 1 00 52.  CC 51 22 Z. 22 2 00
7 . 00 3 . 0 0 1 . 00 2 1 . 0 0 8 1 . 0 0 2 . 0 0 10 00 3 00
8 00 2 . 0 0 1 .00 3 . 0 0 8 . 0 0 2 0 . 0 0 10 .00 4 00
9 . 00 1 . 0 0 . 3-00.. 7 .00 2 8 . 0 0 3 . 0 0 10 00 4 00
10 00 2 .00 1 .00 3 . 0 0 18 .00 5 . 0 0 10 .00 4 . 00
n 00 3 . 0 0 1 .00 .00 4 1 . 0 0 2 5 . 0 0 10 00 4 0 0
12 . 00 1 .00 Ï .00 17 .00 3 9 . 0 0 3 . 0 0 10 00 4 00
13 00 3 . 0 0 _ J^ .00 9 . 0 0 2 3 . 0 0 5 0 . 0 0 10 .0 0 4 , 00
14 . 00 1 . 0 0 1 . 00 8 00 14 .0 0 3 . 0 0 10 ,00 4 00
15 .00 3 . 0 0 1 .00 6 . 0 0 8 2 . 0 0 5 00 10 .00 4 00
16 . 00 1 . 0 0 1 0 0 11 .00 3 4 . 0 0 3 00 10 .0 0 4 . 00
17 . 00 3 . 0 0 1 .00 2 . 0 0 54 .00 2 0 . 0 0 10 .00 4 .00
IS .00 2 . 0 0 1 .00 1 6 .0 0 53 . 00 3 . 0 0 10 00 4 00
19 00 3 . 0 0 1 .00 1 1 .0 0 6 2 , 0 0 4 . 0 0 10 .00 4 . 0 0
20 . 00 4 . 0 0 1 .00 _ 00 6 9 . 0 0 1 0 .0 0 _ J 0  50 4 . 0 0
21 . 00 1 . 0 0 1 .00 1 1 . 0 0 7 6 . 0 0 8 . 0 0 10 .50 4 . 0 0
22 . 00 2 . 0 0 1 .00 9 . 0 0 9 1 . 0 0 5 . 0 0 10 .50 4 . 0 0
23 . 00 3 . 0 0 1 0 0 6 . 0 0 8 1 . 0 0 5 . 0 0 10 . 50 5 . 0 0
24 . 00 2 . 0 0 1 .00 6 . 0 0 8 3 . 0 0 15 .0 0 10 .50 3 . 0 0
25 .00 1 . 0 0 _ . .I...00 2 7 . 0 0 1 6 . 0 0 3 . 0 0 7 . 0 0 3 . 0 0
26 , 00 3 00 1 .0 0 1 . 0 0 4 9 , 0 0 1 . 0 0 7 .00 3 00
27 . 00 1 0 0 1 0 0 6 . 0 0 4 7 . 0 0 1 .0 0 7 .0 0 3 . 0 0
28 .00 1 . 0 0 2 . 0 0 3 2 . 0 0 1 5 . 0 0 1 . 0 0 11 .0 0 3 . 0 0
29 . 00 2 00 2 . 0 0 6 . 0 0 1 . 0 0 2 5 . 0 0 11 .00 3 . 0 0
30 . 00 1 . 0 0 2 . 0 0 1 2 .0 0 5 4 . 0 0 1 0 . 0 0 11 .00 3 . 0 0
31 . 00 2 . 0 0 2 00 2 8 . 0 0 2 7 . 0 0 1 5 . 0 0 11 .0 0 3 . 0 0
32 . 00 1 . 0 0 2 00 8 . 0 0 50 .00 7 . 0 0 10 .5 0 4 00
33 1 .00 2 . 0 0 2 . 0 0 .0 0 3 2 . 0 0 3 . 0 0 10 ,5 0 3 . 0 0
34 . 00 3 . 0 0 ? .00 1 4 .0 0 4 8 . 0 0 10 00 14 00 3 . 0 0
35 . 00 1 . 0 0 2 . 0 0 20 00 2 0 . 0 0 3 . 0 0 14 .0 0 3 . 0 0
36 . 00 3 . 0 0 2 .00 2 . 0 0 4 0 . 0 0 2 0 . 0 0 14 .0 0 3 . 0 0
57 . 00 1 . 0 0 2 .00 3 0 .0 0 1 6 . 0 0 5 00 14 .00 3 00
38 . 00 2 . 0 0 2 . 0 0 3 . 0 0 1 9 . 0 0 6 0 . 0 0 14 00 4 .00
39 00 1 . 0 0 2 .00 3 2 . 0 0 3 1 0 0 4 . 0 0 14 00 3 . 0 0
40 .00 2 . 0 0 2 . 0 0 14 .00 3 8 . 0 0 1 5 . 0 0 15 .00 3 . 0 0
41 . 00 3 . 0 0 2 . 0 0 2 0 . 0 0 2 8 . 0 0 2 0 . 0 0 15 .00 3 . 0 0
42 .00 1 . 0 0 2 . 0 0 9 . 0 0 6 2 . 0 0 4 . 0 0 15 .0 0 _ 3_. 00
"43 . 0 0 2 . 0 0 2 .00 1 7 .0 0 6 3 . 0 0 5 00 1 5 . 0 0 3 00
44 . 00 3 . 0 0 3. 00 . 00 1 7 . 0 0 2 0 .0 0 1 3 . 0 0 3 . 0 0
45 ________ 2 . 0 0 3 .0 0 4 . 0 0 5 4 . 0 0 3 5 . 0 0 13 .0 0 3 . 0 0
46 . 0 0 3 00 3 . 0 0 00 2 5 . 0 0 1 0 . 0 0 13 .0 0 4 . 0 0
4/ 1 .00 2 . 0 0 3 .0 0 12 .0 0 6 0 . 0 0 5 . 0 0 13 .0 0 3 . 0 0
48 .00 1 . 0 0 3 .0 0 .00 2 6 . 0 0 3 00 13 00 3 . 0 0
49 . 00 1 . 0 0 3 . 00 8 . 0 0 6 . 0 0 2 0 . 0 0 14 .0 0 3 . 0 0
50 1 .00 3 . 0 0 3 . 0 0 3 . 0 0 1 . 0 0 3 0 . 0 0 1 4 . 0 0 3 .0 0
51 0 0 2 . 0 0 3 .00 1 0 . 0 0 8 . 0 0 4 5 . 0 0 1 4 . 0 0 4 00
52 .00 2 . 0 0 3 00 2 .00 8 . 0 0 5 . 0 0 12 .0 0 3 . 0 0
5:. 0 0 1 .00 3 . 0 0 6. 00 5 . 0 0 5 . 0 0 1 2 . 00 3 . 0 0
54 ] 0 0 2 . 0 0 3 .00 . 1 3 . 0 0 2 1 . 0 0 1 5 . 0 0 1 2 . 00 4 . 0 0
55 1 .00 .. 4 . 0 0 3 .00 00 44 00 6 0 . 0 0 1 2 .0 0 6 . 0 0
5fc _____ J3.‘L .  1 99 ... 2 99 8 00 6 . 0 0 8 . 0 0 1 6 .0 0 2 . 0 0
5/ . 00 2 . 0 0 3 .0 0 18 .0 0 3 0 . 0 0 2 0 . 0 0 1 6 . 0 0 3 . 0 0
58 J . 0 0 1 .00 3 00 1 0 .0 0 5 . 0 0 7 .00 1 6 . 0 0 2 . 0 0
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1 chiro ephem hepta p e l t o per l o peri  \ d i s t . o e r limno
1 1 .00 24.00 91 . 00 7.00 21 .00 .00 1.00 . 00L . 00 8 . 00 1 .00 8.00 11.00 .00 1.00 .00
i 1-00 6 . 0 0 66 .00 .00 7.00 .00 1.00 . 00
4 7 . 00 56 .00 72 .00 2 .00 6 . 0 0 -00 1.00 . 00
b 3 . 00 26 .00 63 .00 6 . 00 12 .00 .00 1.00 .00
6 2 . 00 14.00 31 .00 3.00 5 . 00 .00 1.00 .00
/ 1 .00 9 . 0 0 27.00 3.00 1.00 .00 1.00 .00
8 .00 6 . 0 0 7 .00 .00 .00 .00 .00 .00
9 .00 11 .00 39 .00 .00 .00 .00 .00 .00
10 .00 10.00 19.00 .00 2 . 00 .00 .00 .00
11 21.00 .00 6 . 00 .00 1 . 00 .00 .00 .00
12 4 .0 0 13.00 29 .00 .00 2 . 00 .00 .00 .00
13 .00 6 . 0 0 8 . 00 .00 .00 .00 .00 .00
14 1.00 8 . 00 18 .00 .00 2 . 00 .00 .00 .00
15 .00 .00 3 . 00 .00 .00 .00 .00 .00
16 .00 2 . 00 8 . 00 .00 .00 .00 .00 .00
17 .00 .00 1 . 00 .00 .00 .00 .00 .00
18 1.00 5 . 00 15.00 .00 .00 .00 .00 .00
19 2 . 00 1 . 00 9 . 0 0 .00 .00 .00 .00 .00
20 18.00 .00 10.00 .00 .00 .00 1.00 .00
21 .00 7 . 00 58 .00 .00 6 . 00 .00 1.00 .00
22 2 . 00 6 . 0 0 32 .00 .00 .00 .00 1.00 .00
23 4 . 0 0 6 . 0 0 53 .00 .00 4 . 0 0 .00 1 .00 .00
24 9 . 00 .00 36 .00 .00 7 . 00 .00 1.00 .00
25 .00 18.00 36 .00 .00 .00 .00 .00 .00
26 .00 3 . 0 0 5 . 00 .00 3.00 .00 .00 .00
27 .00 28 .00 26 .00 .00 3 . 00 .00 .00 .00
28 123.00 16.00 9 . 00 .00 3 .0 0 .00 .00 .00
29 175.00 8 . 00 .00 .00 .00 -00 .00 .00
30 56.00 20 . 00 68.00 .00 2 .0 0 .00 .00 .00
31 80.00 4 . 0 0 .00 .00 4 . 0 0 .00 .00 .00
32 8 . 00 49 . 00 234.00 .00 .00 .00 .00 .00
33 .00 12 .00 15.00 .00 3 .0 0 4 . 00 .00 .00
34 8 . 00 10.00 30.00 .00 2 .0 0 5 .00 1.00 .00
35 5 . 00 50.00 235.00 .00 .00 .00 1.00 .00
36 .00 4 . 0 0 18.00 .00 .00 10.00 1.00 .00
37 6 . 0 0 32.00 225.00 .00 .00 .00 1.00 .00
38 .00 3 . 00 7.00 .00 .00 .00 1.00 .00
39 .00 40 . 00 204.00 .00 4 . 0 0 .00 1 . 00 .00
40 3 . 00 6 .0 0 51.00 .00 3 . 00 .00 1 .00 .00
41 .00 30.00 21-00 .00 2 . 00 .00 1 .00 .00
42 2 . 00 8 . 00 30.00 .00 .00 .00 1.00 .00
43 .00 23 .00 26 .00 .00 3.00 .00 1.00 .00
44 6 . 0 0 12.00 56.00 .00 12.00 .00 .00 .00
45 .00 6 . 0 0 32.00 .00 4 . 0 0 .00 .00 .00
4G -00 4 . 0 0 26.00 . 00 2 . 00 . 00 .00 .00
47 .00 16 .00 112.00 .00 4 . 00 .00 .00 .00
48 .00 50.00 140.00 .00 15 .00 .00 .00 .00
49 12.00 12.00 .00 .00 .00 .00 .00 .00
50 3 . 00 .00 .00 .00 6 .0 0 .00 . 00 .00
51 10.00 5 . 00 .00 .00 6 .0 0 .00 .00 .00
52 8 . 00 4 . 0 0 .00 .00 2 . 00 .00 1.00 .00
53 6 . 0 0 2 . 00 . 00 .00 .00 .00 1.00 .00
54 3 . 00 15 .00 .00 .00 5 . 00 .00 1.00 .00
55 20 .00 .00 .00 .00 .00 .00 1.00 .00
56 10 .00 4 . 0 0 4 . 0 0 .00 .00 12.00 1.00 .00
57 10 .00 .00 4 . 0 0 .00 .00 4 . 0 0 1.00 .00
58 7 . 00 .00 5-00 .00 5 . 00 7 .0 0 1 .00 .00
42
rhya enchy rhynchel lumbric l e p t o s iph capni chloro
1 .00 .00 .00 .00 .00 1.00 .00 5 .00
I .00 .00 .00 .00 .00 .00 .00 12.00
i .00 .00 .00 .00 .00 . 00 .00 1.00
4 .00 . 00 .00 .00 .00 .00 .00 . 00
5 .00 .00 .00 .00 .00 .00 .00 12.00
b .00 .00 .00 .00 -00 .00 .00 7 .00
7 . 00 .00 .00 .00 .00 .00 .00 3.00
8 .00 .00 .00 .00 .00 .00 .00 . 00
9 .00 .00 .00 .00 .00 .00 .00 . 00
10 .00 -00 .00 .00 .00 .00 .00 .00
11 .00 1.00 .00 2 . 00 .00 5.00 .00 7.00
12 .00 .00 .00 .00 .00 1.00 .00 .00
13 .00 .00 .00 2 . 00 .00 8.00 .00 .00
14 .00 .00 1.00 .00 .00 1.00 .00 .00
15 .00 .00 .00 .00 .00 2.00 .00 6 .00
16 .00 .00 .00 .00 .00 3.00 .00 .00
17 .00 .00 .00 .00 .00 9 .00 .00 .00
18 .00 .00 .00 1 .00 .00 1.00 .00 . 00
19 .00 .00 2 .00 2 .00 .00 3.00 .00 1.00
20 .00 .00 2 .00 .00 .00 .00 2.00 4 . 00
21 .00 .00 .00 1 . 00 .00 .00 . 00 3.00
22 .00 .00 1 .00 .00 .00 .00 .00 2 .00
23 .00 .00 2 . 00 .00 .00 .00 .00 4 . 00
24 .00 . 00 .00 .00 .00 3 .00 .00 12.00
25 .00 .00 22,00 .00 .00 3.00 .00 .00
26 .00 .00 .00 1.00 . 00 .00 .00 .00
27 .00 1 .00 .00 2.00 .00 .00 .00 .00
28 .00 .00 .00 1 .00 .00 .00 .00 10.00
29 . 00 .00 .00 -00 .00 .00 .00 3.00
30 .00 .00 2 . 00 .00 .00 .00 .00 24.00
31 . 00 .00 4 . 0 0 1.00 .00 .00 .00 24.00
32 .00 .00 1.00 6 . 00 .00 8.00 .00 56.00
33 .00 9 . 00 .00 30 .00 .00 .00 .00 3.00
34 .00 .00 .00 ,00 .00 10.00 .00 4 . 00
35 .00 .00 .00 .00 .00 .00 .00 10.00
36 .00 .00 .00 .00 .00 10.00 .00 6 . 00
37 .00 .00 .00 .00 ,00 3 ,00 .00 4 . 00
38 .00 2.00 .00 11.00 . 00 11.00 .00 .00
39 .00 .00 .00 3 .00 .00 .00 .00 20.00
40 .00 .00 .00 .00 .00 3.00 .00 3.00
41 .00 1.00 .00 3 .00 .00 .00 .00 .00
42 .00 1.00 .00 1 . 00 .00 7.00 .00 .00
43 .00 .00 . 00 4 . 0 0 .00 .00 .00 2.00
44 . 00 .00 .00 2 . 00 .00 8.00 .00 4 .00
45 .00 .00 .00 7 .00 . 00 6 .00 2 .00 2 .00
46 . 00 2.00 .00 7 . 00 . 00 12.00 .00 .00
47 .00 4 . 00 .00 10.00 .00 4 .0 0 .00 .00
48 .00 .00 .00 12.00 .00 . 00 . 00 .00
49 .00 .00 10.00 .00 .00 .00 .00 2 . 00
50 6 . 0 0 .00 3.00 .00 .00 .00 .00 .00
51 .00 .00 .00 .00 .00 .00 .00 .00
52 .00 1.00 6 . 00 .00 .00 .00 .00 .00
53 .00 .00 .00 2 . 00 .00 .00 .00 2 .00
54 .00 6 . 00 6 . 00 .00 .00 .00 .00 3 . 00
55 .00 .00 4-00 2 . 00 .00 .00 .00 .00
56 4 . 0 0 1.00 1 .00 .00 .00 .00 .00 .00
57 .00 .00 .00 2 . 00 .00 .00 .00 .00
58 .00 .00 1 .00 7 . 0 0 -00 .00 .00 .00
43
nemo apatan brachv q l a s s o hydro l e p i d limne rhya
1 .00 .00 .00 .00 2-00 .00 .00 7.002 . 00 .00 .00 .00 .00 .00 . 00 b. m3 .00 .00 .00 .00 .00 .00 .00 1.004 .00 .00 .00 .00 .00 .00 .00 7 .00
b .00 .00 .00 .00 .00 .00 .00 9 . 00
6 .00 .00 .00 .00 .00 .00 .00 5.007 .00 .00 .00 .00 1 .00 .00 .00 4 . 00
8 .00 .00 .00 .00 .00 .00 .00 .00
9 .00 .00 .00 .00 .00 .00 .00 3.00
10 .00 .00 .00 .00 .00 .00 .00 1.00
11 .00 .00 .00 .00 .00 .00 1.00 2.00
12 .00 .00 .00 .00 .00 1.00 1.00 2 .00
13 .00 .00 . 00 .00 .00 .00 .00 .00
14 .00 .00 .00 .00 1 .00 .00 .00 4 . 00
15 .00 .00 .00 .00 .00 .00 .00 2 .00
16 .00 .00 1 .00 .00 .00 .00 .00 1.00
17 .00 1 . 00 .00 .00 .00 .00 1.00 .00
18 .00 .00 .00 .00 .00 .00 .00 2 .00
19 .00 .00 .00 .00 .00 .00 .00 .00
20 .00 .00 .00 .00 .00 .00 .00 2.00
21 .00 .00 .00 .00 .00 .00 .00 .00
22 .00 .00 .00 .00 .00 .00 .00 .00
23 .00 .00 .00 .00 .00 .00 .00 .00
24 .00 .00 .00 .00 .00 .00 .00 .00
25 .00 .00 .00 ,00 1 . 00 .00 .00 .00
26 .00 .00 .00 .00 .00 .00 .00 . 00
27 .00 .00 .00 .00 3 .00 .00 .00 5 . 00
^8 .00 .00 . 00 .00 3 . 00 .00 3.00 3 .00
29 .00 .00 .00 .00 .00 .00 3 .00 3 . 00
30 .00 . 00 .00 .00 .00 .00 1.00 8 .00
31 .00 .00 .00 .00 .00 .00 .00 8 . 00
32 .00 .00 .00 7.00 8 .00 .00 .00 66 .00
33 -00 .00 .00 .00 3 . 00 .00 .00 18.00
34 .00 .00 .00 .00 4 . 00 .00 2.00 2 .00
35 5 . 00 .00 .00 .00 5.00 .00 .00 10.00
36 .00 .00 .00 .00 . 00 .00 2.00 4 . 00
37 .00 .00 2.00 .00 4 . 00 .00 .00 4 . 0 0
38 .00 .00 .00 .00 .00 .00 2 .00 3 . 00
39 .00 .00 .00 4 . 00 .00 .00 4 . 00 8 . 00
40 .00 . 00 . 00 .00 .00 .00 .00 4 . 0 0
41 .00 .00 .00 .00 .00 .00 2 .00 3 . 00
42 .00 1.00 .00 .00 .00 .00 .00 5.00
43 .00 .00 2 . 00 .00 .00 .00 3.00 6 . 00
44 .00 .00 .00 .00 .00 .00 .00 4 . 00
45 .00 .00 .00 .00 .00 .00 .00 8 .00
46 . 00 .00 . 00 . 00 . 00 .00 4 . 00 4 . 00
47 4 . 0 0 .00 .00 .00 .00 .00 .00 8 .00
48 5.00 .00 .00 .00 5.00 .00 .00 5 .00
49 .00 2 . 00 16 .00 .00 .00 .00 .00 2 . 00
50 .00 .00 .00 .00 .00 .00 9 .00 .00
51 . 0 0 .00 18 .00 .00 10 .00 .00 .00 30.00
52 .00 .00 .00 .00 8 . 00 .00 .00 14.00
53 . 00 .00 .00 .00 .00 .00 4 . 00 4 . 00
54 .00 .00 .00 .00 .00 .00 .00 10.00
55 .00 .00 -00 .00 .00 .00 3.00 .00
56 .00 .00 16.00 .00 8 . 00 .00 .00 12.00
57 .00 .00 . 00 .00 2 . 00 .00 2.00 8 . 00
56 .00 .00 7 .00 .00 5 . 00 .00 .00 15.00
44
psycho simul t i p u l imbed bldr ucutb 1 wd coleop
1 .00 .00 .00 4 . 00 45 .00 15.00 1.00 .00I . 00 .00 .00 5 .00 40 .00 2.00 1.00 .006 . 00 .00 .00 5 .00 50 .00 40 .00 .00 .004 .00 .00 .00 5 . 00 50 .00 2.00 1.00 .00
b .00 .00 .00 5 . 00 20 .00 3 .00 1 .00 .00
6 .00 . 00 .00 4 . 00 60 . 00 40.00 2.00 .00
/ .00 8 . 00 .00 5.00 30 .00 3 .00 1.00 1.00
8 .00 .00 .00 4 . 00 .00 2 .00 2.00 . 00
9 .00 .00 .00 4 . 00 .00 2 .00 1.00 .00
10 .00 .00 .00 4 . 00 .00 1.00 .00 1 .00
11 .00 2 .00 .00 3.00 .00 ,00 1.00 . 00
12 . 00 2 . 00 .00 5 .00 .00 1.00 .00 .00
13 .00 .00 .00 4 . 0 0 .00 1.00 .00 .00
14 .00 .00 1 .00 5 .00 .00 2.00 1.00 . 00
15 .00 .00 . 00 4 . 0 0 .00 15.00 1.00 .00
16 .00 .00 .00 5.00 .00 2 .00 .00 .00
17 .00 .00 .00 4 . 0 0 .00 3 .00 1.00 . 00
18 .00 3 . 00 .00 4 . 00 .00 2 .00 2.00 .00
19 .00 1.00 .00 4 . 00 .00 13.00 5.00 .00
20 .00 .00 .00 4 . 0 0 .00 70.00 20.00 .00
21 .00 .00 1.00 5 .00 .00 80.00 15.00 .00
22 .00 .00 .00 4 . 00 .00 25.00 7 .00 .00
23 .00 .00 .00 5 .00 .00 80.00 20.00 .00
24 .00 .00 .00 3 .00 .00 45 . 00 3.00 . 00
25 .00 4 .0 0 .00 4 . 00 39 .00 2 .00 2.00 .00
26 .00 .00 1.00 4 . 0 0 30 .00 50.00 1.00 .00
27 .00 .00 .00 4 . 00 45 .00 35.00 1.00 .00
28 .00 .00 .00 4 . 0 0 3 . 00 20.00 1.00 20.00
29 .00 .00 .00 5 .00 .00 10.00 .00 .00
30 .00 2 . 00 .00 5 .00 1.00 40 .00 1.00 8 .00
31 . 00 .00 2 . 00 5 .00 1.00 70.00 1.00 .00
32 .00 .00 8 . 00 4 . 00 .00 40 .00 3 .00 20.00
33 .00 .00 .00 4 . 00 2 . 00 55.00 1.00 6 . 00
34 .00 .00 .00 5.00 2 . 00 2.00 1.00 2 . 00
35 .00 .00 5 .00 5 .00 3 . 00 2 .00 1.00 5 . 00
36 12.00 .00 2 .00 5 .00 1.00 30.00 1.00 .00
37 .00 .00 4 . 00 5 .00 1 . 00 1.00 1.00 .00
38 .00 .00 .00 5.00 .00 .00 1 .00 3 . 00
39 .00 . 00 .00 5 .00 .00 .00 2 .00 2 . 00
40 .00 .00 .00 5.00 .00 5.00 1.00 2 . 00
41 .00 .00 .00 5.00 .00 40 .00 2.00 .00
42 .00 .00 .00 5.00 .00 1.00 2 .00 .00
43 .00 .00 .00 5.00 1 . 00 8.00 1.00 .00
44 .00 .00 .00 3 .00 .00 80.00 3 .001 2 . 00
45 .00 .00 8 .00 2 .00 .00 60.00 1.00 .00
46 .00 .00 . 00 4 . 00 .00 10.00 8 .001 .00
47 .00 .00 .00 3 .00 .00 65.00 1.00 .00
48 .00 .00 .00 5.00 .00 30.00 1.00 .00
49 .00 .00 6 . 00 4 . 00 2 .00 20.00 3 . 00 12.00
50 3.00 .00 9 . 00 4 . 00 2 . 00 20.00 1.00 6 . 00
51 .00 .00 5 .00 4 . 00 .00 20.00 2 .00 15.00
5É .00 .00 2 .00 4 .00 4 . 00 10.00 .00 2 .0 0
53 2 . 00 .00 . 00 2 .00 3 . 00 15.00 1.00 2 . 00
54 .00 .00 3.00 4 . 00 4 . 0 0 5 . 00 2 . 00 22 .00
55 .00 .00 3.00 5.00 .00 .00 8 .00 3 .00
56 .00 2 .0 0 2 . 00 3.00 50 .00 5 .00 1.00 2 . 00
57 .00 .00 2 . 00 2.00 30 .00 5.00 1.00 2 . 00
58 .00 3 .0 0 .00 3.00 50 .00 8 . 00 1.00 2 . 00
45
t . t u b i f e hob. t qeo .uni boet ca n . cov s u r f . f i n temp sub,Str
b9 .00 1.00 4 . 0 0 112.00 21 .00 3.00 13.00 3.0060 1 .00 3 . 00 4 . 00 45 .00 38.00 10.00 13.00 3 .00
61 .00 2 . 00 4 . 00 57.00 31.00 8.00 13.00 3 .00
62 -00 3 . 00 4 . 0 0 55.00 3 . 0 0 40 . 00 13.00 3.00
63 .00 2 . 00 4 . 0 0 78.00 37 .00 5 .00 13.00 4 . 0 0
64 1 .00 3 . 00 4 . 0 0 22.00 38 .00 5 . 00 14.00 5 .00
6b .00 2 . 00 4 . 0 0 17.00 .00 5 .00 14.00 4 . 00
66 .00 1 .00 4 . 0 0 27.00 1 .00 5 . 00 14.00 4 . 0 0
67 .00 2 . 00 4 . 0 0 42 .00 38 .00 5.00 14.00 4 . 00
68 .00 4 . 0 0 4 . 0 0 .00 10.00 80.00 14.00 6 . 00
69 .00 1 . 00 4 . 0 0 .00 3 . 00 20.00 14.00 3 . 00
70 .00 4 . 0 0 4 . 0 0 .00 16.00 50.00 14.00 6 . 00
71 1 .00 1 .00 4 . 0 0 .00 1.00 30.00 14.00 3 . 00
11 .00 2 . 00 4 . 0 0 3 .00 17.00 15.00 14.00 3.00
73 .00 1 . 00 4 . 0 0 10.00 5.00 5.00 14.00 3.00
chi ro ephem hepta p e l t o per l o per i  i d i s t . o e r 11 rnno
59 15.00 .00 .00 .00 .00 6 6 . 00 .00 .00
60 9 . 0 0 .00 .00 .00 3 . 00 12 .00 .00 .00
61 6 . 00 .00 .00 .00 3 . 00 42 . 00 .00 .00
62 7 . 00 .00 .00 .00 .00 10 .00 .00 .00
63 3 . 00 .00 .00 .00 .00 21 . 00 .00 .00
64 3-00 .00 .00 .00 3 .00 17.00 1.00 .00
65 .00 3 .00 .00 .00 .00 6 . 0 0 1 .00 .00
66 .00 .00 .00 .00 .00 51.00 1 .00 .00
67 12.00 .00 .00 .00 .00 57.00 1.00 .00
68 .00 .00 .00 .00 .00 .00 .00 .00
69 4 0 , 00 .00 .00 .00 5 . 00 .00 1.00 .00
70 65 .00 .00 .00 .00 .00 .00 1.00 .00
71 4 0 . 00 4 . 00 .00 .00 12.00 .00 1.00 4 . 0 0
72 9 . 0 0 .00 3 .00 .00 3 . 00 .00 1.00 .00
73 15.00 .00 15.00 .00 35 .00 .00 1.00 .00
46
' l e p t o siph capni chlore
59 .00 .00 .00 9 . 00 .00 .00 .00 12.00
60 .00 .00 .00 6 , 00 .00 .00 .00 3.00
61 .00 3 . 00 3 . 00 7 . 00 .00 .00 .00 12.00
62 .00 3 . 0 0 .00 5 .0 0 .00 10.00 .00 3-00
63 .00 .00 .00 12.00 .00 .00 .00 6 . 00
64 .00 .00 3 .00 12.00 .00 .00 .00 5.00
65 1.00 .00 3 . 00 7 . 00 .00 .00 .00 .00
66 1.00 .00 .00 4 . 0 0 .00 .00 .00 6 . 00
67 .00 .00 .00 9 . 00 .00 4 .00 .00 .00
68 .00 .00 .00 .00 .00 .00 .00 .00
69 4-00 .00 3 .00 3 . 00 .00 .00 .00 .00
70 .00 .00 15.00 3 .00 .00 .00 .00 ,00
71 2 . 00 .00 7 . 00 1.00 .00 .00 .00 .00
72 .00 1 . 00 2 . 0 0 .00 .00 3.00 .00 .00
73 1 .00 .00 1.00 2.00 5 . 00 .00 .00 .00
nemo apatan brachy q l as s o hydro l e p id limne rhya
59 .00 .00 18.00 .00 3 . 00 .00 6 . 00 9 . 0060 .00 .00 3 . 00 .00 3 . 00 .00 9 . 00 3.00
61 .00 .00 12 .00 .00 .00 .00 6 . 00 9 . 00
62 .00 .00 3 . 00 .00 .00 .00 3 . 00 .00
63 .00 .00 30 .00 .00 3 . 00 .00 6 . 00 12.00
64 .00 .00 5 . 00 .00 .00 .00 3.00 .00
65 .00 .00 .00 .00 .00 .00 2.00 .00
66 .00 .00 3 . 00 .00 .00 .00 3.00 .00
67 .00 .00 15.00 .00 .00 .00 3.00 6 . 0 0
68 .00 .00 .00 .00 .00 .00 .00 .00
69 .00 .00 35 .00 .00 .00 .00 .00 5 . 00
20 .00 .00 10.00 .00 10 .00 .00 .00 .00
71 .00 .00 8 . 0 0 .00 12.00 .00 .00 4 . 0 0
72 .00 .00 15 .00 .00 10 . 00 .00 3.00 .00
73 .00 .00 4 0 . 00 10.00 25 . 00 .00 5 .00 20.00
47
psycho simul t i p u l imbed bldr ucutb Iwd coleop
by .00 3 . 00 6 . 0 0 4 . 0 0 20 .00 80.00 1.00 9 . 00
60 .00 .00 6 . 00 3 . 00 5 . 0 0 20.00 8 .00 3 .00
61 6 . 0 0 .00 .00 3 . 00 1.00 80.00 10.00 12.00
62 3 . 0 0 .00 3 . 00 4 . 0 0 1.00 85.00 5 .00 5 .00
63 3 . 00 .00 6 . 00 4 . 0 0 .00 60.00 3.00 .00
64 .00 .00 .00 5 . 00 .00 30.00 1.00 5 .00
65 .00 .00 3 . 00 5 . 00 .00 30.00 1.00 .00
66 .00 .00 3 . 00 5 . 00 .00 20.00 1.00 3 .00
67 .00 .00 .00 5 . 00 .00 70.00 1.00 9 . 00
68 .00 .00 .00 5 . 00 .00 .00 1.00 1.00
69 .00 .00 5 . 0 0 4 . 0 0 2 . 00 2 .00 1.00 .00
70 .00 .00 5 . 00 5 . 00 2 . 0 0 3.00 2.00 .00
71 .00 .00 4 . 0 0 3 . 0 0 10.00 5 .00 1.00 .00
72 .00 _ , m 3 . 00 __ 3 . 00 5 . 00 8 .00 1.00 .00
73 .00 .00 25.00 4 . 0 0 3 . 00 5 .00 1.00 .00
48
APPENDIX IV. Reproduction of habitat and disturbance assessment forms.
I. Site Description
Date_______________
Stream
Time Collectors
Tributary
Location____________
Channel W idth______
Site__________ Guild
Subdom. Sub_______
Riparian: Left_______
Bank Full Depth 
Stream State
Length o f Transect 
  Rosgen Type__
Temperature
Right
III. Habitat Measurerhents
V ariab le 1 2 r l 3 4 5 6 7 8 9 10
H abitat T ype
L ength  (ft) .
W etted  W idth  (ft)
M ax D epth  (in)
Tail C rest D epth  (in) -Pools
Sed. D epth  (in) -Pools
D om inan t S ubstrate
"  ■ 1
D egree Em bed.
C o v e r  L W D  %
B oulder %
Surface F ines %
U ndercu t %
V eg. O v erh an g  %
C anopy  %
1fvLlll C»Oi. 1Evtiii
Dsiu/baokC History rintc Since Uitlurbancc ^
Â O None Evident BO Within 1 year
r f t Timber Harvest 81 2 y n - lO yn ,
A ;t Btmt - Severe 82 to - 10 yn  1
Bom • Li|hi 81 10 * yn
A 4 Wind Throw
AS Lifbi Gi*no#fBwwsing (Cow>
4 » Severe Oraana/Browaing (Cow)
A ?  ■ Severe Oraxiiig/Browiiag (Elk/Deer)
A » Pluvial Evcni
X'Mcnsiiy of DinufbwKC Current Inaect/Dueare
Co Little to no Eflcet on Strucnve 0-JV* DO None
C Lighl EBeci on Structure 5-23% 01 Insecu
C2 Mod. 30-73H of Tieei/Acrea Aflitcied 02 Mialoio#
C l High ?3-IOO%of TmeafAcrem AlTectod 01 Root Rot
